Summary. The continuous flow dialysis apparatus (cfda) 
INTRODUCTION
As already reported by White (1953a, b, c) , the motility and glycolytic activity of ram spermatozoa are reduced by washing in a phosphate buffer containing sodium ions, chloride ions and fructose. He suggested that this effect was caused by a loss of potassium ions from the cells and showed that if potassium ions were included in the washing fluid the motility and glycolytic activity of the sperma¬ tozoa were unaffected by washing. Dott & Walton (1960) Dott & Walton (1960) found that after washing three times ram spermatozoa began to agglutinate and the agglutination involved more spermatozoa at each stage of the washing procedure. White (1953a, b, c) on the other hand observed no sign of agglutination in his washing experiments.
Apart from the different fluids used for washing there were other differences in the techniques used which might account for the discrepancy. The experi¬ ments described below were done to resolve these differences. The effect of dilution and dialysis on the potassium content of ram spermatozoa has also been studied.
MATERIALS semen
The semen for each experiment was collected with an artificial vagina from three Suffolk rams and pooled after the motility had been observed through a microscope equipped with a warm stage. Samples with poor motility were discarded. diluents Two phosphate buffers were used in all experiments. One, the sodium phosphate buffer, contained: 0032 M-NaH2P04.H20; 0-048 M-Na2HP04.12H20; 0-040 M-NaCl; 0-022 M-fructose. The other, sodium-potassium phosphate buffer, contained: 0-032 M-NaH2P04.H20; 0-048 M-Na2HP04.12H20; 0-036 M-NaCl; 0-004 m-KCI; 0-022 M-fructose.
The concentrations of sodium chloride and potassium chloride were changed to 0-034 m and 0-0064 m, respectively, for Experiments 3, 4, 5 and 6 so that the potassium ion concentration should be the same as in the bicarbonate buffer.
The 0-022 M-fructose was omitted from half the samples in Experiment 2 and the control samples in Experiment 6. In Experiment 6 it was replaced by 400 mg/100 ml acetate, 20 mg/100 ml fructose, 20 mg/100 ml acetate or 20 mg/100 ml lactate.
The following bicarbonate buffers were used in Experiment 3. (a) Sodium bicarbonate buffer, (b) sodium-potassium bicarbonate buffer, (a) Sodium bicarbonate buffer: 0-109 M-NaCl; 0-00105 M-NaH2P04; 0-02205 M-NaHC03; 0-022 M-fructose. (b) Sodium-potassium bicarbonate buffer: 0-105 M-NaCl; 0-0042 m-KCI; 0-00105 m-KH2P04; 0-02205 M-NaHC03; 0-022 M-fructose.
The same fluid was used for dilution, washing and dialysis except in Experi¬ ment 5 when some samples were diluted with seminal plasma.
METHODS
The pooled semen was taken into the laboratory immediately after collection and part of it was diluted one in three in the appropriate fluid (i.e. 1 ml semen + 2 ml fluid). Half of the diluted semen was kept at room temperature until the other half had been washed.
The washed spermatozoa were prepared by further diluting until a final dilution of one in ten was made, this was then subjected to a centrifugal force of about 225 g (1500 rev/min) for 10 min. The sperm-free supernatant was removed reducing the volume by 85%. This washing procedure, which was repeated four times, is similar to that used by White (1953b, c) fig. 4 ), i.e. unless potassium ions were present the icf of samples given a substrate fell below that of the sample without added substrate after 5 hr but when potassium ions were present fructose, lactate and acetate maintained good activity over the 7 hr of the experiment.
EFFECT OF POTASSIUM ON MOTILITY
Generally speaking motility studies confirmed the results obtained in the cfda and those reported by White (1953a, b) previously. A beneficial effect of 0-004 m or 0-006 M-potassium was seen when ram semen was diluted one in 100 with either phosphate or bicarbonate diluents. Unless 0-004 M-potassium was present the spermatozoa were usually immotile after 3 or 4 hr at 37°C. In contrast to the experiments in the cfda this effect manifested itself whether or not fructose, lactate or acetate were added to the diluent, which is not surprising since the semen itself contains fructose and the ratio of spermatozoa to fructose would be unaltered by dilution. At a dilution of one in ten or one in three there was no significant effect of potassium on the motility of the unwashed spermato¬ zoa.
If, however, the spermatozoa were washed to remove potassium a beneficial effect of adding 0-004 m or 0-006 M-potassium could be demonstrated. This became apparent after incubating for 3 to 4 hr in phosphate buffer at a dilution of one in ten but not one in three, and not in bicarbonate buffer.
DISCUSSION
The primary object of the experiments described in this paper was to reconcile the conflicting observations of White (1953a, b, c) (Text-fig. 3 ) and a higher concentration of potassium (Text- fig. 2 ) than spermatozoa in semen diluted one in three with sodium phosphate buffer before dialysis commences. Even when the diluting fluid is seminal plasma (Experiment 5, 3) the icf is reduced to zero at about 5 hr when potassium is not present in the dialysis fluid. In fact it is only diluted semen which reveals the importance of potassium in the metabolism of ram spermatozoa, and this is confirmed in the dilution experiments using motility as a criterion. These showed that the greater the degree of dilution the greater the need for potassium in the diluting fluid to preserve the motility of the spermatozoa.
From the above it can be concluded that potassium is associated with ram spermatozoa in at least three ways, (1) Dott & Walton (1960) had already been thoroughly investigated in the cfda therefore it was decided to use the washing procedure and buffer described by White (1953a) (Dott & Walton, 1960 Ram spermatozoa are capable of aerobic and anaerobic fructolysis (Mann, 1946; Mann & Lutwak-Mann, 1948) and Dott (1958) found the icf of ram spermatozoa is dependent on the gas phase and supply of substrate. There are at least three pathways by which ram spermatozoa can obtain energy for motility (Mann, 1954; Hartree & Mann, 1961) ; (1) anaerobic breakdown of fructose to lactic acid, (2) aerobic oxidation of lactic acid by the Krebs cycle, and (3) aerobic breakdown of fatty acids formed from endogenous plasmalogen. Dott (1958) showed that ram spermatozoa display the highest icf under aerobic conditions with fructose in the dialysis fluid, i.e. when it is possible for them to use all three pathways at once. Previously it has been shown that washing with calcium-free Krebs-Ringer bicarbonate affects the icf when endogenous respiration is the source of energy (Dott & Walton, 1960) and after washing with sodium phosphate buffer that lactic acid production was decreased but oxygen uptake was unaffected (White, 1953c) . Now it appears that icf associated with both anaerobic fructolysis (Experi¬ ment 1, Text- fig. 1 ) and endogenous respiration (Experiment 2, Text- fig. 1 ) is unaffected by washing ram spermatozoa in sodium phosphate buffer. The evidence from the experiments described in this paper (Experiments 1, 2 and 6, Text-figs. 1 and 4), suggests that the critical effect of potassium depletion is on the ability of ram spermatozoa to produce or make use of energy from the oxidation of exogenous substrate over the Krebs cycle.
